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(54) A method and apparatus for handover in a CDMA cellular communication system 



(57) This invention relates to a method and appara- 
tus for handover in a Code Division Multiple Access cel- 
lular communication system (100). A communication 
terminal (200) comprises means for determining a list of 
potential target base station and (213) for selecting a 
soft handover subset of target base stations from said 
plurality of target base stations in accordance with at 
least one selection criterion. The communication termi- 
nal (200) furthermore comprises means (211) determin- 



ing a selection criterion and means (215) for setting up 
soft handover communication links with the base sta- 
tions in the soft handover subset. The means (211) for 
determining the selection criterion is operable to dynam- 
ically update the selection criterion in response to an 
operating characteristic such as the speed or data rate 
of the communication terminal (200). The invention is 
applicable to 3 rd generation cellular communication sys- 
tems such as UMTS. 
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Description 

Field of the Invention 

[0001] This invention relates to a method and appa- 
ratus for handover in a Code Division Multiple Access 
cellular communication system. 

Background of the Invention 

[0002] In a cellular communication system, each of 
the subscriber units (typicajly mobile stations) commu- 
nicates with typically a fixed base station. Communica- 
tion from the subscriber unit to the base station is known 
as uplink and communication from the base station to 
the subscriber unit is known as downlink. The total cov- 
erage area of the system is divided into a number of sep- 
arate cells, each predominantly covered by a single 
base station. The ceils are typically geographically dis- 
tinct with an overlapping coverage area with neighbour- 
ing cells. FIG. 1 illustrates a cellular communication sys- 
tem 100. In the system, a base station 101 communi- 
cates with a number of subscriber units 1 03 over radio 
channels 105. In the cellular system, the base station 
101 covers users within a certain geographical area 
107, whereas other geographical areas 109, 111 are 
covered by other base stations 113, 115. Some overlap 
areas can be covered by more than one cell. 
[0003] As a subscriber unit moves from the coverage 
area of one cell to the coverage area of another cell, the 
communication link will change from being between the 
subscriber unit and the base station of the first cell, to 
being between the subscriber unit and the base station 
of the second cell. This is known as a handover. Specif- 
ically, some cells may lie completely within the coverage 
of other larger cells. 

[0004] All base stations are interconnected by a fixed 
network. This fixed network comprises communication 
lines, switches, interfaces to other communication net- 
works and various controllers required for operating the 
network. A call from a subscriber unit is routed through 
the fixed network to the destination specific for this call. 
If the call is between two subscriber units of the same 
communication system the call will be routed through 
the fixed network to the base station of the cell in which 
the other subscriber unit currently is. A connection is 
thus established between the two serving cells through 
the fixed network. Alternatively, if the call is between a 
subscriber unit and a telephone connected to the Public 
Switched Telephone Network (PSTN) the call is routed 
from the serving base station to the interface between 
the cellular mobile communication system and the 
PSTN. It is then routed from the interface to the tele- 
phone by the PSTN. 

[0005] A cellular mobile communication system is al- 
located a frequency spectrum for the radio communica- 
tion between the subscriber units and the base stations. 
This spectrum must be shared between all subscriber 



units simultaneously using the system. 
[0006] One method of sharing this spectrum is by a 
technique known as Code Division Multiple Access (CD- 
MA). In a Direct Sequence CDMA (DS-CDMA) commu- 
5 nication system, the signals are prior to being transmit- 
ted multiplied by a high rate code whereby the signal is 
spread over a larger frequency spectrum. A narrowband 
signal is thus spread and transmitted as a wideband sig- 
nal. At the receiver, the original narrowband signal is re- 
generated by multiplication of the received signal with 
the same code. A signal spread by use of a different 
code will not be de-spread by the receiver but wi II remain 
a wide band signal and removed by filtering after the de- 
spreading operation. In the receiver, the majority of in- 
terference caused by interfering signals received in the 
same frequency spectrum as the wanted signal can thus 
be removed by filtering. Consequently, a plurality of sub- 
scriber units can be accommodated in the same wide- 
band spectrum by allocating different codes for different 
subscriber units. Codes are chosen to minimise the in- 
terference caused between subscriber units typically by 
choosing orthogonal codes when possible. A further de- 
scription of CDMA communication systems can be 
found in 'Spread Spectrum CDMA Systems for Wireless 
Communications', Glisic & Vucetic, Artech house Pub- 
lishers, 1 997, ISBN 0-89006-858-5. Examples of CDMA 
cellular communication systems are IS 95 standardised 
in North America and the Universal Mobile Telecommu- 
nication System (UMTS) currently under standardisa- 
tion. 

[0007] A subscriber unit, which is very close to a base 
station will initially be served by only this base station. 
As it moves towards another base station, it will enter 
the overlap area and a communication link with this base 
station will be set up. The subscriber unit is thus sup- 
ported simultaneously by two base stations. As it con- 
tinues to move towards the base station, the subscriber 
unit will exit the overlap area and the initial communica- 
tion link with the first serving base station will be closed 
down so that the subscriber unit is only served by the 
second base station. This sequence is known as a soft 
handover and a subscriber unit being supported by 
more than one base station is known as being in a soft 
handover. A soft handover may involve more than two 
base stations. 

[0008] Each base station transmits a pilot signal, 
which can be received by the subscriber units. A sub- 
scriber unit measures the pilot signal level of the trans- 
mitted pilot signal from a number of surrounding base 
stations. Each base station furthermore transmits infor- 
mation of neighbouring base stations, enabling the sub- 
scriber unit to search for the pilot signals of these cells. 
The subscriber unit reports the measured signal values 
back to the network and the preferred serving cell or 
cells is chosen based at least partly on these levels. In 
the simplest form, the serving cell is chosen as the cell 
(s) whose pilot signal(s) is (are) received at the highest 
level, as this will maximise the quality of the transmis- 
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sions between the subscriber unit and the base station 
with the least cost in terms of power. In a real commu- 
nication system, such as UMTS, more complex algo- 
rithms are used which may take into account factors 
such as the bit error rate of an ongoing communication. 
[0009] The pilot signal level measurements are used 
in determining the best target cell when accessing the 
system, i.e. it is used by the subscriber unit to determine 
which base station to transmit a system access request 
to. In addition, the pilot signal level measurements are 
used to determine a list of potential handover candi- 
dates and which cells should be used for serving the 
cell, i.e. to which base stations a communication link 
should be set up. The set of base stations supporting 
the mobile station at any given point in time is known as 
the active set. In addition the set of base stations being 
measured but not active in a soft handover is known as 
the candidate set. 

[0010] In conventional systems, such as UMTS, the 
neighbour list transmitted from the base stations is used 
to control the candidate set i.e. which base stations are 
being measured. The candidate set is thus determined 
as the base stations included in the neighbour list trans- 
mitted from the serving base station. The subscriber unit 
measures the signals from the base stations of the 
neighbour list and determines the active set as the base 
stations, which are received with a signal level falling 
within a static predetermined window. Typically the pre- 
determined window is determined relative to the signal 
level of the serving base station, i.e. with a static prede- 
termined offset relative to the signal level of the serving 
base station. 

[0011] However, due to variations in propagation 
characteristics the active set may change very rapidly 
and some base stations will therefore pop in and out of 
the active set quite frequently. This will create a ping 
pong effect of base stations entering and leaving the ac- 
tive set, can cause interference peaks within the net- 
work leading to network instability and will use up re- 
source for control messages required in the manage- 
ment of the hand over. 

[0012] There is thus a need for an improved system 
for handover in a CDMA cellular communication system. 

Summary of the Invention 

[0013] The invention seeks to provide an improve- 
ment for handovers in a CDMA cellular communication 
system. 

[001 4] Accordingly there is provided a communication 
terminal for a CDMA cellular communication as claimed 
in claim 1 . 

[0015] In a second aspect, the present invention pro- 
vides a method of handover in a CDMA cellular commu- 
nication system, as claimed in claim 10. 
[0016] Further aspects are as claimed in the depend- 
ent claims. 



Brief Description of the Drawings 

[001 7] An embodiment of the present invention is de- 
scribed below, by way of example only, with reference 
5 to the Drawings, in which: 

FIG. 1 is an illustration of a cellular communication 
system according to prior art; 

10 FIG. 2 illustrates a communication terminal in ac- 
cordance with an embodiment of the invention; 

FIG 3 illustrates a method of handover in a CDMA 
cellular communication system in accordance with 
15 an embodiment of the invention. 

Detailed Description of a Preferred Embodiment 

[0018] The following description focuses on an em- 
20 bodiment compliant with the current approach for the 
standardisation of UMTS but it will be apparent that the 
invention is not limited to this application. 
[0019] FIG. 2 illustrates a communication terminal in 
accordance with an embodiment of the invention. 
25 [0020] The communication terminal, which could be 
a mobile station, User Equipment (UE) or any other suit- 
able communication device, comprises a receiver 201 
which receives signals transmitted from the base sta- 
tion. The receiver is connected to a measurement unit 
30 203, which measures the received signal level of the pi- 
lot signals of the base stations included in the candidate 
set. The candidate set is determined from the neighbour 
list transmitted from the serving base station in a con- 
ventional fashion. The candidate set comprises poten- 
35 tial target base stations, i.e. base stations that may be 
included in a soft handover or become a serving cell. 
[0021] The receiver 201 is also connected to a Proc- 
essor 205 for determining an operating characteristic of 
the communication terminal. This operating character- 
40 istic can specifically relate to the current service or com- 
munication function or to the current operating charac- 
teristics for the communication terminal but any suitable 
operating characteristic may be envisaged without de- 
tracting from the invention. 
4 5 [0022] In the embodiment shown in FIG. 2 the com- 
munication terminal 200 comprises a Service Determi- 
nator Unit 207 which determines which communication 
service is currently handled by the communication unit. 
The Service Determinator Unit 207 is connected to the 
so processor 205. The input provided to the processor 205 
for determining an operating characteristic by the Serv- 
ice Determinator Unit 207 can be one or more individual 
parameters related to the current communication serv- 
ice. Preferably this parameter is the data rate of thecom- 
as munication but may be other parameters or combination 
of parameters including quality of service, delay require- 
ment or error sensitivity. 

[0023] The embodiment of FIG. 2 furthermore com- 
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prises a Speed Determinator Unit 209 connected to the 
processor 205 for determining an operating character- 
istic of the communication terminal. The Speed Deter- 
minator Unit 209 determines the speed and/or the ve- 
locity of the communication terminal. This may be done 5 
in any known way without detracting from the present 
invention. Specific implementations include the user 
making a manual input of the speed travelled, the speed 
being determined from location determination embed- 
ded in the terminal (e.g. GPS location determination), 
or from input from external sensors such as a speedom- 
eter of a car. Alternatively, the speed determination can 
be indirect and be based on performance parameters 
within the network. The speed may thus be estimated 
from the frequency of the handovers or fades of the radio 
propagation channel. It is sufficient to determine an in- 
dication of the speed (for example whether the speed of 
the communication terminal is above or below a certain 
level) and no precise speed determination is required. 
[0024] The contemplation of the invention includes 
other operation characteristics such as the location of 
the communication terminal, the available resource for 
communication, the computational resource available in 
the communication terminal etc. 
[0025] The Processor 205 for determining an operat- 
ing characteristic of the communication terminal is con- 
nected to a selection controller 211, which determines 
a selection criterion based on the operating character- 
istic. The selection controller 211 is connected to a se- 
lector 213 that selects the active set of base stations 
from the candidate set based on measurements per- 
formed and the determined selection criterion. 
[0026] In the preferred embodiment the selection cri- 
terion is based on the measured receive level of the pilot 
signals of the base stations in the candidate set. The 
selection criterion is dynamically changed as the oper- 
ating characteristics of the communication terminal 
changes. 

[0027] In one embodiment, the selection criteria is giv- 
en as the base stations for which the measured signal 
level is within a given range when filtered or averaged 
over a certain interval. In this embodiment, the filtering 
or averaging length is determined in response to the 
speed of the communication terminal so that the selec- 
tion criterion changes dynamically in response to the 
speed of the communication terminal. Specifically the 
filtering length is increased for increasing speeds and 
reduced for lower speeds. These dynamic modifications 
in the filtering can be done continuously or may be in 
discrete steps for example by using different filters de- 
pending on the speed of the mobiles. 
[0028] Alternatively or additionally the filtering length 
may be dependent on the communication service of the 
communication terminal and specifically on the data rate 
of the communication. In this embodiment the filtering 
length is increased for increasing data rates. 
[0029] The filters used may be any appropriate filter 
implementation or structure but are preferably imple- 



mented as digital IIR (Infinite Impulse Response) or FIR 
(Finite Impulse Response) filters. The filtering length 
may be measured according to any desired definition or 
alternatively a suitably defined filter cut-off frequency 
may be used in dynamically modifying the filtering length 
and thereby the selection criterion. In the detailed em- 
bodiments described this will correspond to the filter cut- 
off frequency being reduced for increasing speeds and 
data rates. 

[0030] By increasing the filtering length for increasing 
speeds and/or increasing data rates, links that have 
large time variations for a given service are less likely 
to become part of the active set. Therefore the ping pong 
effect is mitigated and improved network stability and 
reduction in resource used for changing the active set 
are achieved. 

[0031 ] The output of the selector 21 3 is connected to 
a handover controller 215 which is connected to a trans- 
mitter 21 7 and the receiver 201 . The handover controller 
21 5 controls the receiver and transmitter such that they 
form communication links with all base stations included 
in the active set. This includes sending and receiving 
the necessary control messages required for maintain- 
ing, setting up and tearing down the individual soft hand 
over links. 

[0032] For clarity the communication terminal 200 is 
shown with separate receive and transmit antennas but 
in atypical embodiment the transmitter and receiver will 
be connected to the same antenna through a duplexer. 
[0033] It is within the contemplation of the invention 
that more than one selection criterion may be used for 
selecting the active set or that the selection criterion 
used may comprise a plurality of sub-criteria. Not all of 
these criteria need rely on the operating characteristic 
of the communication terminal and not all criteria are 
necessarily dynamically updated. 
[0034] In one embodiment, the operation characteris- 
tic is based on the communication requirement of the 
receiver and specifically it is based on the data volume, 
which is intended to be transmitted. In this embodiment, 
if the data volume is very small the selection criteria is 
set so that a quick link is formed without consideration 
of the ping pong effect, i.e. the filtering length is set to 
minimum. 

[0035] FIG 3 illustrates a method of handover in a CD- 
MA cellular communication system in accordance with 
an embodiment of the invention. 
[0036] In step 301 a list of potential target base sta- 
tions is determined. In the preferred embodiment this is 
done by receiving a neighbour list form the serving base 
station and including the base stations identified therein 
in the list. 

[0037] In step 303 an operation characteristic of the 
communication terminal is determined. In the preferred 
embodiment this is the speed and/or data rate of the 
communication terminal as previously described. 
[0038] In step 305 a selection criterion is determined 
in response to the operating characteristic of the com- 
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nication requirement of the communication terminal 
(200). 

3. A communication terminal (200) as claimed in claim 
5 1 wherein the operating characteristic is the speed 

of the communication terminal (200). 

4. A communication terminal (200) as claimed In claim 
1 wherein the operating characteristic is the service 

10 supported by the communication terminal (200). 

5. A communication terminal (200) as claimed in claim 
1 wherein the operating characteristic is a date rate 
of the communication. 

15 

6. A communication terminal (200) as claimed in claim 
1 wherein the at least one selection criterion (211) 
is a filtered signal level received from each the plu- 
rality target base station and the dynamics of the 

20 filtering is dynamically updated in response to the 
operating characteristic of the unit. 

7. A communication terminal (200) as claimed in claim 
6 wherein the filtering duration is increased for in- 

25 creasing speeds of the communication terminal 
(200). 

8. A communication terminal (200) as claimed in claim 
6 wherein the filtering duration is increased for in- 

30 creasing data rates of the communication support- 
ed by the communication terminal (200). 

9. A method of handover in a CDMA cellular commu- 
nication system having a plurality of base stations, 

35 the method comprising the steps of: 



mu nication unit determined in step 303. 

[0039] In step 307 a soft handover subset of target 

base stations is selected from the plurality of target base 

stations determined in step 301 in accordance with the 

selection criterion determined in step 305. 

[0040] In step 309 soft handover communication links 

are set up with the base stations in the soft handover 

subset. 

[0041 ] After step 309 the method is iterated such that 
the selection criterion is dynamically updated. 
[0042] The method of FIG. 3 has been described as 
a series of sequentially re-iterated steps but it is not re- 
quired that the steps are carried out sequentially or in 
the shown order. For example the determination of the 
operation characteristic and the determination of the se- 
lection criterion may be performed in parallel with the 
determination, selection and setting up of soft handover 
communication links performed in steps 301 , 307 and 
309. The iteration frequency of these parallel processes 
may be different for example so that the selection crite- 
rion is only modified when a new operating characteris- 
tic is determined. 

[0043] The method shown in FIG 3 may be imple- 
mented in any suitable way without detracting from the 
current invention but in the preferred embodiment the 
method is implemented as a software program running 
on a suitable processor in the communication terminal. 
Alternatively, the method may for example be imple- 
mented in other components of the network, in a sepa- 
rate component of the network or be distributed over dif- 
ferent components. 



Claims 

1 . A communication terminal (200) for a CDMA cellu lar 
communication system having a plurality of base 
stations, the communication unit comprising: 

means for determining a list of potential target 
base station (213); 

means for determining at least one selection 
criterion (211); 

means for selecting a soft handover subset of 
target base stations from said plurality of target 
base stations in accordance with at least one 
selection criterion; and 

means for setting up soft handover (215) com- 
munication links with the base stations in the 
soft handover subset; wherein 
the means for determining at least one selec- 
tion criterion (211) is operable to dynamically 
update the at least one selection criterion in re- 
sponse to an operating characteristic of the 
communication terminal (200). 

2. A communication terminal (200) as claimed in claim 
1 wherein the operating characteristic is a commu- 



determining a list of potential target base sta- 
tion (301); 

selecting a soft handover subset (307) of target 
40 base stations from said plurality of target base 

stations in accordance with at least one selec- 
tion criterion; 

setting up soft handover communication links 
(309) with the base stations in the soft handover 
45 subset; wherein 

the selection criteria for the soft handover sub- 
set is dynamically updated in response to an 
operating characteristic of the communication 
terminal (200). 

50 

10. A method of handover in a CDMA cellular commu- 
nication system as claimed in claim 9 wherein the 
operating characteristic is the speed of the commu- 
nication terminal (200), 

55 

11. A method of handover in a CDMA cellular commu- 
nication system as claimed in claim 9 wherein the 
operating characteristic is the service supported by 
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the communication terminal (200). 

12. A method of handover in a CDMA cellular commu- 
nication system as claimed in claim 9 wherein the 
operating characteristic is a date rate of the com- 5 
munication. 

13. A method of handover in a CDMA cellular commu- 
nication system as claimed in claim 9 wherein the 
at least one selection criterion is a filtered signal lev- 
el received from each the plurality target base sta- 
tion and the dynamics of the filtering is dynamically 
updated in response to the operating characteristic 
of the unit. 

14. A method of handover in a CDMA cellular commu- 
nication system as claimed in claim 13 wherein the 
filtering duration is increased for increasing speeds 
of the communication terminal (200). 

15. A method of handover in a CDMA cellular commu- 
nication system as claimed in claim 13 wherein the 
filtering duration is increased for increasing data 
rates of the communication supported by the com- 
munication terminal (200). 
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